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ABSTRACT 


Archaeological investigations often concern the identification and cataloging of buried historic, 
as well as, prehistoric structures and artifacts. In most instances, acquisition of this subsurface 
information is obtained by excavation practices primarily directed by field observation and 
review of archive records. Recent advances in high resolution, near surface geophysical 
prospecting techniques and instrumentation, offers the archaeologist a powerful site investigation 
. Detection of geophysical contrasts due to presence of buried materials and human related 
provide an accurate means of locating excavation units. Whereas, the 











It is not intended to be the definitive work in theoretical 


assurances 
geophysics. It is presented as a translation of techniques developed primarily for mineral 


that are considered applicable to archaeological prospecting. 








PREFACE 


Historic, as well as, prehistoric structures and artifacts are often concealed in the subsurface by 


geologic processes and perhaps more frequently, by human related activities. One aspect of an 
archaeological investigation concerns the identification and cataloging of these concealed 
materials. Locating and physical identification heretofore has been performed, in most instances, 

acquired from archival searches, careful visual examination and excavation 





geophysical references available for those individuals requiring more technical information. 


Experience indicates there is no preferable learning substitute for an actual participation in a 
geophysical field survey and subsequeni data interpretation process. 


Ultimately, the archaeologist often has an enviable role in the archaeologica! investigation from 
the geophysicists point of view. The archaeologist has the opportunity to ground truth the 
geophysical findings and possibly touch our past. 


| offer my deepest appreciation to those individuals whom have provided invaluable support and 
critical review throughout the long and exacting task of preparation of this manuscript. My 
special thanks ty. Dr. B. Bevan, Dr. J. Weymouth, Mr. C. Davenport, Mr. S. De Vore, 
National Park Service individuals, equipment suppliers and Mrs. K. Heimmer. 
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appropriate, metric system units are utilized to describe geophysical 
within the text. Due to the fact that some geophysical 
are customarily described in non-metric units for engineering or 
exploration purposes, an occasional deviation from this practice occurs. 
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Introduction 


The science of noninvasive identification of subsurface archaeological features is not a 
new concept. Many nondestructive techniques of site assessments are available to the 
archaeologist, these include: remote sensing, aerial photography, geochemical testing 
and geophysics. Since Atkinson's utilization of electrical resistivity in 1946, 
archaeologists have increasingly employed classical geophysical methods to successfully 
enhance many cultural resource evaluations (Weymouth, 1986). These methods have 
included; seismic, gravity, magnetic, electrical resistivity, self-potential, electromagnetic 
and ground penetrating radar. Recent developments in geophysical related digital 
electronic technology has increased geophysical site assessment capabilities to aid in 
cultural resource management. 


Improved geophysical instruments and application methods, as well as, computer aided 
interpretational techniques have allowed, in many instances, study and measurement of 
earth related physical contrasts with extreme precision. Consequently, minute or small 
subsurface contrasts attributable to historic, as well as, prehistoric human related 
activities have a much greater chance of being non-destructively detected utilizing high 
resolution geophysical techniques. 


Introduction or re-establishment of a transfer of knowledge between the geophysical 
community to the cultural resource management professionals is regarded as a prioritized 
task. The presentation of information is provided from the view point of 
engineering/exploration geophysicist rather than limited to that of an archaeogeophysicist 
or the European equivalent, prospectionist. Geophysical exploration for minerals and 
petroleum is well known. The application of geophysics to geotechnical engineering, 
ground water and environmental studies are relatively new developments. Often these 
noninvasive studies concern characterization of the near-surface materials. Study areas 
are usually limited in areal extent. The similarity of these studies to a geophysical 
archaeological assessment is evident. The nature of mineral and petroleum explorations 
are generally more removed from the archaeological realm due to interest in larger 
survey areas and greater investigative depths. 


The intert of this manual is to familiarize the archaeok zist with geophysical techniques 
considered to be applicable for locating structures, artifacts and defining site limits. The 
understanding gained will allow the site investigator to realize both the potential, as well 
as, the limitations of geophysics. 


Historical Background 


The separation of geologic and geophysical disciplines is often a difficult task since both 
are descriptive earth sciences. Geology involves the description of the subsurface by 
observation of rock specimens or exposed sections. Likewise, the similarity of 
archaeology to geology is evident since both involve direct observation. In contrast, 




















geophysical techniques are concerned with indirect measurements of the earth's physical 

. These techniques employ instruments specifically designed to detect the 
influences of subsurface materials. A geophysical survey may be conducted at, above, 
and below the earth's surface. The nature and contrasts of the observed geophysical 
measurements may be interpreted to allow a visualization of hidden subsurface geologic 
structures and compositions. 


Within the past 70 years, the increasing sophistication of geophysical exploration 
techniques are primarily the result of the search for petroleum and minerals, though some 
advances can be attributed to military purposes. Even into the twentieth century, most 
mineral exploration was confined to geological means, usually involving some form of 
direct observation of outcrops or exposures. As much of the easily found, directly 
observable materials were discovered, new methods of studying the earth's structure or 


composition were required. 


The foundations of geophysical sciences were developed several hundred years ago as the 
description of the natural sciences progressed. As early as the 1600s, it is reported 
magnetic compasses were employed to locate ferrous iron deposits in Sweden. 
Generally, the development of modern geophysical techniques for mining and petroleum 
exploration began during the period of 1910-1930. In 1913, a sulfide mineral deposit 
was discovered utilizing electrical resistivity methods. In the 1920's, a technique of 
seismic refraction, similar to present day earthquake monitoring methods, was developed 
to locate salt dome structures along the U.S. Gulf Coast. Used in conjunction with the 
contemporaneously developed torsion bar gravity measurement balance, oil and gas 
deposits were soon discovered associated with the salt dome features. 


Historically, engineering geophysics dates to civil engineering applications in the 1920's. 
Electrical resistivity and seismic refraction were employed to investigate future dam sites. 
Measurements of observed contrasts of the velocity of sound within and electrical 
properties of geologic formations allowed the depth to bedrock and water table to be 
determined. 


Continual progress in improvement of geophysical methods and instrument development 
has occurred since the 1920's, allowing increasing measurement precision and operational 
economy. The electronic revolution, as a result of World War II, provided the means 
to greatly improve geophysical equipment sensitivities and consequently, development of 
new applications. Development of such methods and instrumeniation as radar, sonar, and 
sensitive magnetometers were quickly assimilated into the geophysical exploration 
sciences. 


Introduction of digital technology brought advances in seismic reflection methods in the 
late 1960s. Digital stacking of seismic reflection wavelet records allowed enhancement 
of signal to noise ratios resulting in a better definition of subtle geologic features. This 
was possible due to the minimization or canceling of seismic related noise during the 
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signal stacking process, Recent techniques in three dimensional and high resolution 
seismic capabilities have allowed definition of geologic related features with even greater 
precision. 





of new electromagnetic instrumentation and interpretational techniques in 
the 1970s also provided advanced electrical means of describing subsurface geology. 
Ground penetrating radar, induced polarization methods, magnetotelluric, and various 
methods of measuring ground conductivity were refined and made available to the 
exploration geophysicist. 


Paralleling the development in geophysical instrumentation, information processing 
techniques have made enormous gains. Inc, cased geophysical data acquisition capabilities 
required rapid methods of data reduction for interpretational purposes. Increased 
computer processing provided a means of enhancing the all important signal to noise ratio 
of nearly every digitally recordable geophysical data, thereby greatly increasing the 
interpretive process. Today very few geophysical surveys or interpretational procedures 
are conducted without the usage of computer technology or analysis. 


Though geophysical methods had been adapted to archaeological assessments since the 
late 1940s, there is not an apparent over abundant usage of geophysical methods to date. 
Literature indicates most classical geophysical methods have been experimented with to 
some degree. The use of the proton magnetometer in the early 1950s is often considered 
the first important application of a geophysical method to an archaeological 
investigation. Since these early applications of these methods, electrical resistivity, 
magnetic and more recently electromagnetic and ground penetrating radar have become 
the mainstay of archaeological geophysics. 


Remote Sensing Verses Geophysical Methods 


Clarification of terms is helpful in discussing the application of geophysical methods for 
archaeological site assessments. As previously stated, there are at least four or more 
noninvasive methods of site investigations, of which geophysics is one. In layman terms, 
these methods may be considered as some form of remote sensing, since there is no 
actual excavation or visual observation performed. 


From an engineering or exploration geophysicist point of view, remote sensing is 
confined to examination of earth features from a distant platform situated above the target 
area, such as obtaine) from a high altitude aircraft or satellite. Normally, this type of 
investigation involves energy bands exploiting the gamma ray - visible light 
electromagnetic radiation spectrum. 


Geophysical nethods utilized for mineral or petroleum exploration generally involves 
examination of large surface areas. Often, particularly in the case of mineral exploration, 
investigations can be conducted from a rapidly moving aircraft, situated at relatively low 
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that are performed in this manner, do not require coupling of 
earth's surface. These surveys include radiometry 
ma ray distributions associated with radioactive elements, 








high resolution geophysical techniques. As previously discussed, geophysical exploration 
for minerals or petroleum generally involves evaluation of relatively large areas. The 
size, nature and distribution of target deposits often create anomalies orders of magnitude 


larger than those to be expected at an archaeological site. 


Evidence of human occupation, in many cases, is represented by materials small in size 
Or relative extent and similar in composition to encapsulating soils. Theory and practical 
application indicate the sensitivity of the geophysical instruments and methods to evaluate 
these near surface materials require an ability to measure extremely small contrasts. This 








2.0 Overview of Near-Surface Geophysical Methods 


All materials, whether they be in gas, liquid or solid state, will exhibit characteristic 
properties. When they are buried in the subsurface, these properties may be lost within 
or attenuated by the clutter of encapsulating geologic materials, thereby making them 
indistinguishable from their surroundings. Geophysical methods are concerned with 
measurements of subsurface physical contrasts. If no contrast exists, geophysical 
methods are useless and some form of direct exposure of the material must be performed. 
Since geophysics involves the determination of characteristics of unseen materials it is 
important that interpreted results be integrated with factual information acquired from 
other surveys or investigations. Only then can the capabilities and limitations of the 
geophysical methods be realized. 


Subsurface contrasts exist due to mass-density relationships, ionic or electrical potentials, 
magnetic susceptibilities and elemental decay. Geophysical methods provide a means to 
actively or passively investigate contrasts in these properties. 


Passive Geophysical Methods 
Passive geophysical methods are primarily related to measurements of naturally occurring 





differential groundwater movement may cause positive or negative electrical anomalies 
to occur in areas of buried structures. 


2.1.3 Gravity Surveying 


Measurement of the earth's gravitational field with accurate precision is also possible. 
It has been utilized quantitatively and qualitatively to map subsurface geology based on 


diffusivity related 
coefficients determine 


Hei 
gi 


ij 
: 


i 
i 


; 


uh 








he race 0 a structure for identification of voids. It is similar to nondestructive 





muthods eiitigd to civil cnginsusies cuties Due to the long wavelength of 


Hie 





signals required to penetrate the subsurface, object definition or resolution is 


these methods have found very limited use in archaeology. 


. Therefore, 


2.2.2 Active Electrical and Electromagnetic Methods 
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5.0 = Passive Geophysical Techniques 


Passive or potential field methods consisting of magnetic and gravity surveying, utilize 
highly sensitive instruments to measure the effect of a buried feature upon their 
naturally occurring, planetary fields. The magnetometer and gravimeter are 
of measuring perturbations or anomalies due to these features with accuracies 
part in 100,000. A magnetometer provides a measurement of the earth's total 
field, in a unit termed gamma or nanotesia (nT). A gravimeter measures the 
of 
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attraction due to mass/density relationships of subsurface 
units of measurement are termed milligals (mg). 
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surveying is very useful for detecting buried ferrous metallic 
contrasts of soils. Its usefulness in archaeological investigations is 
In contrast, the anomalies produced by an archaeological feature on 
gravitational field are minor compared to components related to geologic sources. 
Though gravity methods have been experimented with for archaeological purposes, such 
as void detection, its usage is very limited. Insuwrument and data reduction improvements 
may lead to applications of this method to archaeological assessments in the future. 


The self-potential method, a form of resistivity measurement, has been utilized with 
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may be observed over the surface of the earth. It ranges from 
known as a nanotesia (nT) at the polar regions to 25,000 gamma at 
field is shifted some || degrees from the earth's rotation resulting in 
true north. Within the U.S., a 60-75 degree inclination is observed due 
to the fields origination in the earth's outer core. Where local variations in magnetic 
materials occur, perturbations or anomalies of less than one to 5000 gamma may be 
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In theory, the magnitude of the magnetic field strength is a potential field described as 
a function of a change in energy. Detection of observable contrasts due to the presence 
of an anomaly are a function of the objects magnetic susceptibility; remanent 
magneti: ation, unit volume, and distance between the feature and point of measurement. 
Magne! . susceptibility is the ease with which a substance is magnetized or induced by 
the earth's field. Remanent magnetization is the natural or permanent magnetization 
displayed by a rock or object due to its composition and thermal or depositional history. 


“omparison of the response of a theoretically homogenous earth with the observed 
anomalous value provides a means of detection. Disruption of soils by man, as well as, 
burial of objects will produce significant contrasts capable of being measured by a 
magnetometer. 


Limitations 


Many archaeological targets provide relatively small observable contrasts in the 
subsurface. “noise” due to recent cultural activities, certain geologic conditions 
and solar activity can, at times, obscure these sought after contrasts. Thus, the 
operational restrictions that must be considered include both static and moving noise 
sources, such as: 


Recent cultural activities: a.c. electrical power, underground or above ground structures 
particularly fences within 30 feet (9.14 meters) of the site, water pipes 15-30 feet (4.57- 
9.14 meters), other utilities, automobiles 30 feet (9.14 meters), signs, and surface, as 


activity can produce 100 gamma changes during a day's surveying. 

can disrupt surveying for days, resulting in useless data. 

from a magnetometer base station is often an effective means 
magnetic interferences. 








cultural activities, geologic conditions and solar 
obscure measurements of interest, a preliminary 
determine whether the survey is possible. If the 





due to the total geomagnetic field are accomplished. 
The proton-precession magnetometer is a most commonly employed magnetometer for 





. Many instruments are capable of measuring the absolute total intensity of the 
total magnetic field (TMF) to a 0.1 gamma precision. Measurement of the field intensity 
by induction of a magnetic field on a hydrocarbon liquid contained in a 
of the liquid are displaced from their natural orientation 
, the so called earth induced field. Upon termination 
return to their original orientation at a precessional 
frequency related to the earth's field, consequently generating a measurable electrical 
current. The proton magnetometer exhibits two disadvanta, us. Erroneous observations 
may occur where gradients of 300-1000 gamma are encountered. These malfunctions can 
occur due t© a.c. power or the presence of iron objects. Also, due to a finite 
measurement period of time, approximately three seconds, continuous measurements can 
not be achieved as in the fluxgate or alkali-vapor magnetometer. The proton precession 
magnetometer is the most commonly used due mainly to its low purchase price. ease of 
use and precision. 













Fluxgate magnetometers are capable of continuously measuring the relative changes in 
the earth's field. It requires orientation with the earth's field. Due to this requirement, 





and non-perpendicular orientation to the earth's field. It utilizes an optical beam system 
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3.1.5 


of light excitation where a radio frequency measurement of vapor opacity verses 
transparency allows for magnetic field determination. 


The measurement of the magnetic field utilizing two magnetic sensors mounted in a 
vertical mode is known as gradiometer surveying. Gradiometer surveying allows for 
minimization of strong gradient influences and solar or diurnal effects, greater resolution 
of features and in some instances, clarification of magnetic anomalies with greater 
precision. Since the sensor's are separated by a small fixed distance, approximately 2.5 
feet (0.75 m), they measure the earth's field with similar results. Due to the distance 
dependence of the sensor to anomaly (1/r’), subtraction of measurements between sensors 
will define near surface anomalies with increased resolution. Both methods, gradiometer 
and total field, have their advantages and disadvantages and are partially complementary. 
The selection of muthod is dependent upon site requirements and operator preference. 


Pre-Survey Site Evaluation 


Due to the limitations of magnetic surveying, a site evaluation is recommended prior to 
the data acquisition phase. It is assumed a basic knowledge of the site geology and 
archaeological content is available for evaluation purposes. Upon analysis, site 
compatibility with magnetic surveying is established. Usage of recent aerial photography 
is highly recommended to expedite survey design. The following pre-survey activities 
are recommended: 


° Identify sources of magnetic noise interference, adjust grid lines and stations to 
minimize effects. 









° Determine line and station intervals to maximize site coverage, providing for 
anticipated anomaly size. 


° Design program to intersect observable features of interest, since these features 
will undoubtedly be of interest to the site investigators. 


° If previous assessments, such as trenching or other geophysical surveys, have 
been conducted be sure to include these areas within the magnetic survey for data 


correlation purposes. 


° Remoteness of the site will affect equipment and survey requirements. Provide 
for in the field computer analysis for data inspection purposes when possible. 


° Select magnetometer equipment, either gradiometer or total field, to match the 


job. If a large survey is to be performed, arrangement for additional 
magnetometers is highly recommended for both surveying and base station diurnal 
measurements. 








3.1.6 


° Provide for suitable non-magnetic surface locating markers. 


° Arrange for surveyors to mark baselines and stations before beginning the 

acquisition phase. The survey can be performed at an extremely rapid rate in the 
range of 2200 measurements per day. If the geophysical crew is expected to 
perform this function, survey speed will diminish accordingly. 






° Provide for line locating on base maps for anomaly definition. 


° Schedule other assessment activities before or after the survey, as the presence 
of equipment nearby could possibly appear as magnetic noise. 


Be prepared to modify or adjust survey parameters upon initial data or site 
analysis. 


On-Site Compatibility Testing and Equipment Calibration 


On site instrument and operator checks are required to assure that a high quality survey 
is performed. Calibration of the magnetometers consists of “tuning” or adjusting the 
sensitivity with relationship to the geomagnetic field at the site. This figure corresponds 
the 





strengths of approximately 50,000-60,000 gamma across the United States. 
in an area free of magnetic disturbances whenever 
magnetometer is utilized for a base station to measure 
it must be compatibly tuned with the moving survey 
ion instrument is not available, a base station location can be 
where the one survey instrument is taken throughout the survey day to acquire 
information. If a gradiometer is utilized for the survey, a diurnal 
necessarily required, but is recommended as a daily check of equipment 
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or prior to instrument tuning, instrument function checks are required: batteries are 
memory is clear of extraneous readings, the magnetic sensor is 
with respect to the geomagnetic field and the sensor is placed on the 
at an applicable height above the surface to detect contrasts of interest. The 
selection may be adjusted after acquiring a test line. It should be 
the greater the distance between the sensor head and the anomaly, the less 
anomaly will have on the magnetic field intensity. Also of vital concern, 
must be relatively free of magnetic materials if data contrasts of | gamma 
or less are to be observed. It must be remembered the localized field created by a 
magnetic source is defined the distance relationship of 1|/r’. 
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The acquisition of a test line over a known feature is highly recommended, if possible. 


This provides an opportunity to observe site specific characteristics. Survey parameter 
adjustments can be performed upon analysis of this information. In the rare instance, 
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3.1.8 


this information may reveal some unforeseen site characteristic or the occurrence of a 
solar magnetic storm that may preclude the performance of the survey. Normally, 
successive readings taken at each location should not vary more the + or - 1.0 gamma 
if they are to be considered valid. 


Data Acquisition 


Upon establishment of a survey grid, data acquisition consists of progressing down the 
survey line and obtaining measurements at each station interval. Observation of several 
successive readings taken at each location determines the validity of the measurement. 
In areas of strong gradients, valid measurements may be impossible to acquire and should 
be noted. The time spent trying to obtain a valid reading can increase surveying time 
considerably. Generally, if only one instrument is utilized for measuring the total 
magnetic field, a measurement must be taken at a pre-selected base or fixed location for 
diurnal corrections before the start of each profile line or at selected time intervals. 


Modern magnetometers are capable of being programmed to store in memory a line and 
station sequence as well as the time of day for each measurement taken. Depending on 
site and survey requirements, a surveyor can acquire an average of 2200 measurements 
on a good day. Magnetometer memory storage capabilities, before a transfer of data 
readings are required to the computer, are instrument dependent. The least expensive 
models will record 1200 data location points while more expensive model instruments can 
record up to 12,000 locations. 


Experience and knowledge of the equipment operator is an important factor in a survey. 
Equipment malfunctions, data quality and visualization of anomalies can, in most 
instances, be quickly assessed by the experienced operator. This ability provides a 


field book is generally kept with the operator to record these features. although the 
magnetometer is capable of keeping track of the readings, and in some cases allow input 
of small messages, the notebook is nearly always referred to during data reduction and 
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3.1.9 Data Reduction 


3.1.9.1 Field 


A daily inspection of the acquired data is often necessary to check quality and direct 
survey activities. An ability to inspect or analyze the data necessitates a numerical 
correction to the data to remove the time varying changes in the magnetic field. This can 
best be accomplished by transferring the data from the magnetometer to a portable 


computer. Utilizing appropriate computer software often supplied with the 
magnetometer, an average gamma value correction per time interval, determined from 


simultaneously acquired base station data, is multiplied by the difference in time between 
each successive field reading. The result of each calculation is processed or subtracted 
from corresponding field measurements. These values can then be depicted as a 
magnetic profile where distance along the profile is plotted against magnetic intensity. 
Review of paralleling adjacent profiles allows for recognition of regional features, and 
smaller wavelength anomalies. Computer assisted contouring programs are also useful 
for reviewing acquired daia on a daily basis. Interactive features allow for filtering of 
the contoured data to remove data obscuring interferences. 


Instances where remoteness of the site precludes usage of a computer, a manual 
inspection of data can be performed. Performance of this task is laborious requiring 
calculation of the correction values and subtraction and plotting of results. Large surveys 
conducted under these circumstances require usage of magnetometers with extended data 
storage memories. 


3.1.9.2 Office 


Data reduction in the office environment is similar to operations conducted in the field, 
when a computer is available. Office activities often allow a more detailed analysis of 
the data, perhaps involving applications of refined filtering techniques to produce residual 
magnetic profiles or magnetic intensity contour maps. 


3.1.10 Interpretational Processes 


Every site survey produces a unique magnetic intensity data set. Anomaly separation or 
development, necessary to distinguish features of interest from those created by noise, 
varies accordingly . In situations where a survey is confined to a small undisturbed area 
of homogeneous soil containing magnetically monaxonic features, data interpretation may 
be self evident, dependent upon the investigators experience. Addition of interferences 
due to noise sources such as fences or building structures, increases complexity. Due 
to magnetic consequences of complex geology, magnetic target pattern recognition 
becomes extremely difficult. As a result, interpretation processes can attain nightmarish 
proportions, often resulting in an insufficient time allocation for the interpretation 
process. 
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The signature of an object buried within a homogeneous material can best be described 
as a bar magnet orientated in various positions. It creates its own magnetic field or 
disturbance within the geomagnetic field. If it is laid upon its side, it will be observed 
as a north-south or positive and negative magnetic dipole anomaly. Standing it on end, 
a monopole, either negative or positive will be detectable. Orientation changes of the 
bar magnet will often create complex asymmetrical dipole anomaly shapes dependent 
upon magnetic intensities and the distance to the magnetometer sensor. If anomalies 
associated with artifacts, soil disturbances or structures overlap as they often do in 


anthropogenic relationships, contributions generated by each source can create complex 
anomalies. 


Interpretation of the significance of a feature is site specific. Integration of all available 
site information to determine site context is required. If the site is of historic 
significance the anomaly intensities will generally be greater than those found on a 
prehistoric site, all other parameters being equal. Presence of near surface iron objects 
will create high intensity anomalies. Structural elements may be observable as small 
broader anomalies exhibiting some sort of lineation, if magnetic susceptibilities and 
remanent magnetization offer proper contrasts. Surveying performed at prehistoric sites 
indicate contrasts are often very subtle, requiring close examination by the interpreter. 
It is a rare occurrence, for example, to identify the signature of the thermo-magnetization 
associated with the burn site unless contrasts of | gamma or less are observable. 
Modelling is a useful method of visualizing the significance of an anomaly, though the 
model chosen may not be a unique solution. Also, the determination of a background 
gradient developed from a nearby area unaffected by archaeological materials can be 
utilized in the model. Removal of this non-anomalous portion of the data can enhance 
detection of archaeological anomalies through the modeling process. 

Appreciation of the diverse types of magnetic anomalies is therefore an interpretive 
requisite. Most importantly, comparison of survey results with known features are the 


greatest interpretative aids and part of the experience factor. The following functions are 
recommended for a site survey: 


© Surveying be conducted within a nearby clean area, free of the sought after 
archaeological features or other magnetic interferences. 


° Excavation of several anomalies be conducted to “calibrate” or ground truth the 
survey data. 


° Integrate all available data for discrimination of noise from features of interest. 


The extra time and effort expended in performing these functions will greatly enhance 
the success of the survey. 











3.1.11 Presentation of Results 


A report of findings, in a narrative format, is generally provided with the magnetic 
intensity profiles and /or contour map depicting the results of the survey. This narrative 
normally describes the objective of the survey and goes on to provide information as to 
how the objectives were met. The following should be presented: survey objective; 
statement of tasks required to be performed to satisfy the objectives; description of the 
chosen method and equipment utilized; survey grid delineation and why chosen; other 
information utilized to be integrated into the results; an interpretation of the findings as 
related to maps or profiles describing their significance; survey conclusions; 
recommendations. 


3.1.12 Special Considerations 


The investigator should be continually aware of possible magnetic noise or interferences 
generated by both above- and below-ground features. He must also anticipate site 
circumstances (topography, access, burial depth, etc.) that can affect the outcome of the 
survey and adjust the survey to fit objectives. During actual surveying the survey grid 
must be refined enough to provide adequate coverage of the anomaly; the magnetic 
sensor must be orientated correctly and held very still during measurements. 


3.1.13 Required Expenditures 


Magnetic survey instruments, particularly a prot. precession magnetometer, is a 
relatively inexpensive piece of equipment compared to other geophysical instruments. 
Currently an instrument can be purchased for approximately $4500 (1992). A proton 
magnetometer configured as a gradiometer instrument can be purchased for 
approximately $10,000 new (1992). Instrument rental costs are approximately $25 per 
day. Used instruments can occasionally be found considerably less expensive. Fluxgate 
and alkali vapor equipment are considerably more expensive (purchase price $ 10-20,000, 
1992). A contractor field crew of two surveyors, and equipment, will require an 
approximate expenditure of $800 per day plus per diem. This should include a daily data 
quality check either provided as magnetic intensity profiles or possibly some type of 
contoured intensity map. This information should not be considered the final data 
interpretation. The quoted cost may or may not include the establishment of a grid 
coordinate system across the site. Depending upon the site assessment, as to necessary 
locating refinement, survey locating requirements may be considered as an additional 
expense. 


Contractor interpretation expenses can vary according to survey needs. If formal maps 
and a narrative are required additional time will be required to perform these functions. 
Generally, a cost of $400 per day (1992) can be expected. Experienced interpreters will 
allocate two days of office interpretation time for every day spent in the field surveying. 
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3.2.1 Purpose 


3.2 





investigative tool prior to performance of other geophysical studies. Specific applications 
for engineering and environmental investigations include determination of groundwater 
flowage and seepage from containment structures; the affect of man-made structures and 
geologic features on flowage patterns, and delineation of chemical contaminants in the 
subsurface. hdl dk deen ion. ee 

patterns associated with buried structures or disturbances. Where 


3.2.4 





3.2.5 


It is essential that site specific factors are accounted for or reviewed before a survey is 
attempted. These generally include: 


Knowledge of soil moisture or ground water flowage conditions at the site. 
Generally if the soil conditions are dry and archaeological targets are earthen 
structures the method has little chance of succeeding. 


Review of geologic features, including topography, mineralization and soil 





3.2.6 
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3.3 
3.3.1 Informational Discussion 








arrangement allows relative measurement of changes in the acceleration of gravity. This 
measurement is accomplished utilizing an instrument termed a gravimeter. The units of 
measurement is termed Gal, where the gravity acceleration of the earth is 


980 Gals or 9.8 meters/second’. Standard gravimeters used in geological exploration are 
of measuring contrasts of 0.01 Gal. Micro gravity instruments can measure 











The methodology for conducting a survey is nearly identical to those of a magnetometer 
program. It consists of determining pre-survey objectives, acquisition of data with 
precision, identify anomalies with respect to site context, and translation of 


necessary 
findings to aid the investigation. 





Uncorrected gravity data or raw field data normally does not provide inherently obvious 
information. An interpretation is possible only after the difference between the observed 
gravity is corrected for latitude, elevation, mass and terrain and compared to the 
theoretical gravity calculated at the station point, for a selected datum. After calculation 
of each value, indicated anomalies may be compared to specific source models. Since 
anomaly characteristics can be reproduced by numerous source configurations, 
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, contribute to increased costs averaging $1,500 - $2,000 
~ ‘Analysis involves several complex computer assisted data reduction 
routines, therefore an expenditure of $500 per day can be expected for report 












4.1 
4.1.1 


Active or induced techniques having applications to archaeological investigations 
electrical resistivity, electromagnetic ground conductivity and ground penetrating radar. 
Acoustic or seismic techniques are also considered active methods, but at present, have 
very limited or specialized usages for archaeological purposes. 


Metal detectors are generally configured in a form of either as active, electromagnetic 
conductivity meters or as a passive, vertical gradient magnetometer. The electromagnetic 
detector is the more commonly utilized instrument. It has the ability to detect ferrous, 
as well as other metals, whereas the vertical gradient magnetometer variety will only 





flowage of introduced electrical currents. This electrical resistivity of a material or 


conversely, its ability to conduct electricity, is directly related to its porosity, 
permeability, saturation, and chemical nature of entrapped fluids. Measurement of these 








loss due to the lateral and vertical variations of subsurface materials. Since many 
materials such as sands, gravel, and shales, exhibit non-unique resistivity ranges due to 
fluid saturation, knowledge of site geology is required to extrapolate resistivity data. 


Often, particularly with regard to shallow archaeological investigations, observation of 
relative resistivity or conductivity lateral changes along a survey line are diagnostic 
irrespective of absolute intensities. Lateral changes are mapped by profiling techniques. 
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of constructed features such as foundations or walks, compacted soils and excavations. 
Areas of humus, related to occupation, are also detectable. 


The ease of resistivity data acquisition and observation of lateral changes across a site 
offers the archaeologist an attractive investigative tool, with respect to other geophysical 
methods. As with all techniques, its site specificity must be accounted for. 


4.1.4 








4.1.5 


4.1.6 





. voltmeter is utilized to measure the electrical potential across the 
potential electrodes. Typical current output for a small portable system is 20 
milliamperes (ma), while a powerful generator system output may achieve 100 





Resistivity equipment requirements for archesological profiling would in most instances 


. One available instrument (Geoscan), 
using a twin dipole array, allows rapid acquisition of relative resistance, without 
measuring resistivity. A digital data logger is highly recommended as a method of 
recording observed voltage measurements. This will increase field data acquisition 
capabilities, reduce data reduction input time and provide a measure of quality control. 





Pre-Survey Site Evaluation 


Before traveling to the field, site evaluation and method criteria must be reviewed. The 
success of the survey is dependent upon: 


° Determination of target size and depth of burial. This will 
determine preliminary survey line spacing, "a" spacing or spacing 
between electrode pairs and station spacing between measurement 
points along each line. 


° Knowledge of geologic materials at the site, if available. This will 
provide a general range of resistivity contrasts to be expected. 

° Observation of the weather patterns and resultant soil saturations 
that may offer the most conducive conditions for target 


recognition 


° Determine sources of potential noise, such as; cultural features, 
fences, pipelines, power lines, communications equipment, 
railroads and cropland usage (the presence of irrigation related 
salts in the soil) and secondly, naturally occurring noise produced 
by self-potentials, geology, lateral effects of topography and 


Upon review of these site-specific conditions, the chances of survey success may be 
estimated. 


On-Site Compatibility Testing and Equipment Calibration 


On-site testing will generally consist of configuring the electrodes in an acceptable array 
for profiling based on anticipated site requirements. Definition of an array is the manner 
in which electrodes are placed with respect to each other on the surface. For 
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4.1.7 


archaeological surveying purposes, a common configuration is a Wenner array where 
current electrodes are placed at the ends of the station with potential electrodes placed 


in-line between the current electrodes. The distance between each electrode is set to some 
“a” spacing distance usually equal to anticipated target depth. Other arrays may be 
selected dependent upon survey requirements. The most commonly used arrays are 
Schlumberger, dipole-dipole, pole-dipole and gradient. 


Upon selection of an acceptable array, in this case the Wenner, tests are conducted by 
changing “a” spacings in a selected test area, hopefully free of interferences. 
Reoccupation of this location during the survey period will establish a baseline for the 
equipment and site. Additional calibration should be performed over an archaeological 
feature, if known, to ensure a proper “a" spacing, distance between stations and survey 
lines are attained. 


A final check of all equipment including battery power is recommended before field 
acquisition begins. 


Data Acquisition 


The performance of a resistivity profiling survey requires the establishment of a survey 
grid where line and station locations are clearly marked. Generally, it is recommended 
the resistivity survey grid be orientated such that survey lines perpendicularly transect 
features of interest, whenever possible. Upon determination of the grid, the four 
electrodes are placed at respective locations dependent upon the selected array and at 
some "a" electrode separation, coincident with target depths. 


For a Wenner array, one of the most common profiling electrode placement geometries, 
the four electrodes are situated as current -potential - potential - current with equal fixed 
distances or "a" spacings between electrodes. A voltage is introduced into the ground 
simultaneously at the current electrodes and a resultant voltage change in ohms 

(a measurement of electrical resistance) is observed across the center potential electrodes. 
The observed value is the apparent resistivity at the station. The value may be expressed 
in ohms resistance per unit of distance. The apparent resistivity is equivalent to a 
representative homogeneous isotropic half space of the subsurface. Since it is only 
representative, it is not a true or even an average of the resistivity values of the materials 
situated beneath the station. Subsequent comparison of observed apparent resistivities 
across the site allows identification of conductive or resistive inhomogeneities in the 
subsurface. 


After a measurement is acquired at the first station the current electrode at the beginning 
of the survey line may be moved one "a" spacing past the second current electrode, in 
a leap frog fashion. Re-establishment of the proper current transmitter to current 
electrodes and voltage meter to potential electrodes is performed at this location, thereby 
reducing the need for movement or re-planting each individual electrode. Thus, potential 
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4.1.8 


4.1.9 





electrode 1 becomes current electrode 2 and potential electrode | becomes current 
electrode | at the beginning of the second array. This configuration and movement is 


maintained along the survey line to profile completion. 


It is important that, to ensure good instrument sensitivity and unwanted electrical 
interferences, electrode resistances be minimized. Accomplishment of this task often 
concerns electrode cleaning, placement into moist soil, wetting with salt water or burial 
of aluminum foil with the electrodes. 


Upon completion of the survey, normally conducted by a two to three man field crew, 
observed apparent resistivities in ohms-meters are plotted verses "a" spacings on an x-y 
axis for each survey line profile. 


Field Data Documentation 


As in any geophysical survey, field documentation is extremely important. 
Commercially available resistivity, units normally are of two varieties, either capable or 
incapable of recording or storing measurements. In either case, it is recommended the 
operator record pertinent values, as well as, field comments on a data sheet. The 
recording of line, station, current intensity and potential can be efficiently performed as 
field helpers set up the next station. Operator review of written data sheet provides a 
measure of quality control in the field, to allow survey adjustments and rapid anomaly 
recognition. Data sheet comments should include; weather conditions, since nearby 
storm interferences can influence data, and observed sources of other noise. 


Data Reduction 


4.1.9.1 Field 


At the end of each survey day, calculation of each station apparent resistivity can be 
quickly performed by the formula: 


p= AV xK 
I 


Where I is the current, A V is the measured potential difference, K is a geometric factor 
dependent upon the array and p is the apparent resistivity. A plot of apparent resistivity 
verses survey line length by "a" spacing is performed for final data interpretation, in 
many instances. 


4.1.9.2 Office 


Since no additional data reduction is necessary after apparent resistivity calculations, 
office procedures may consist of data filtering developed from baseline data to adjust 
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resistivity spikes or removal of known noise interferences. Production of a resistivity 
contour map may also aid in the recognition of subtle features. 


4.1.10 Interpretational Processes 


The recognition of archaeologically related subsurface inhomogeneities, with respect to 
profiling, is primarily qualitative. Adjacent lines and stations are visually compared to 
each other for observation of lateral changes. Thus in many cases archaeological feature 


interpretation will be related to pattern recognition and can be performed with relative 
ease. It is assumed additional knowledge of site characteristics is utilized. 


Where site knowledge is limited, source modeling can be performed to produce non- 
unique data resolution scenarios. To aid in the interpretative process ground truthing of 
several observed anomalies is also required to determine the significance of other 
detected features. In all phases of the data interpretation, investigators must be aware 
that selection of improper “a" spacings may result in non-detection or produce 
unrecognizable anomalies. 


Lastly, before completion of the interpretative process with respect to complex data sets, 
all possible interference affects should be considered. Some of these are: temperature, 
an increase in temperature decreases resistivity, variation of rock texture and rock types, 
local geologic processes, presence of clay minerals will decrease resistivity, percentage 
of water saturation and terrain influences. It is highly recommended as an aid to 
, known information be plotted upon the profiles at their indicated locations, 
This should include topographic elevations and geologic changes, as a minimum. 


As anthropological activities have somewhat similar attributes of geologic processes, 
consideration of their general effects on resistivities are useful to review. 








P Resistivi 
Weathering (excavation) Decrease 
Faulting or fractures Decrease 
Clay increase Decrease 
Water influx Decrease 
Dissolution Decrease 
Silicification Increase 

Mineral Precipitation Increase 

Induration (compaction) Increase 

Temperature Increase Decrease 


Resistivity surveying, when utilized independently of other information, may not provide 
definitive data. 










4.1.11 Presentation of Results 


Resistivity survey data is presented in a format similar to magnetic, gravity, conductivity 
and SP data. Profiles, contour maps and descriptive narrative are generally provided 
completion. As previously stated, all available information should be 


upon project 
plotted along the profile as an interpretative aid. 











4.1.13 





range. Purchase of a limited memory recording instrument is estimated 
at $3,500 - $15,000. Instrument rentals of $35 per day can be expected. 


Electromagnetic Conductivity Surveying 








4.2.2 


4.2.3 





surveying a crew of three or four is often required to move and place electrodes along 
a profile line, BM surveying requires one or two crew members. 





Instrumentation, as well as, electromagnetic interferences are limiting factors capable of 
affecting the usefulness of the method. 


Currently available instrumentation consists of instruments normally constructed with 
fined distances between the transmitter coil and receiver coil, The extent or size of the 
electromagnetic field or loop introduced into the ground is determined by these coil 
Since this loop intercepts the earth over a restricted area, no adjustment for 
can be realized with 
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measurements are acquired or observed either continuously or on a station to station 
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4.2.6 


4.2.7 





basis, a location grid system must be established, acoording to target defined parameters. 
Coil spacing selection will be defined by anticipated target depth. 


The evaluation should include: 
° Identification of cultural related interferences. 
° Line and station selection to maximize likelihood of anomaly detection. 


Design program to observe known features, as well as, areas devoid of 
features for control purposes. Survey lines should extend sufficient 
distances to pass beyond anomaly limits. 


Since a large number of measurements can be acquired in a day (1200- 
1500 on a station basis) arrangements to observe data on a daily basis is 

















Overall, the performance of a site evaluation is most similar to magnetic surveying, since 
design and interferences are similar. 


On-Site Compatibility Testing and Equipment Calibration 


conducted at a base station established by the 
is known at this location to a depth equal to 
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In most cases very little data reduction is necessary when the primary purpose of the 
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4.2.9.1 Field and Office 
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signal, when detected by a receiving antenna at the surface within close 
to the transmitter, can be compared to the original input signal. Comparison 
normally in the 10-4000 nano second range (ns, billionths of 
seconds) is a function of the speed or velocity of the signal in the subsurface as it passes 
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the material, reflects, and travels back to the receiving antenna. The time it 
takes to do this is referred to as two way travel time (TWT) or transit time. Observation 
of the two way travel times allows a calculation of subsurface v« ' ' Ultimately, if 
a target of known depth is compared to a surveyed feature or if an as.....ed host material 
velocity is utilized, burial depth can be determined. 


The magnitude or amplitude, phase (negative or positive), and frequency of the received 
signal offers additional information as to the nature of the subsurface materials. In many 
instances a strong reflected signal may be observed originating from a buried metallic 
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4.3.2 


4.3.3 


4.3.4 


Undisturbed, layered soil materials will generally be observed as horizontally 
radar event interfaces. 


In other cases where the radar signal is dissipated into the subsurface as a consequence 
of electrical properties, no reflections, or little radar penetration may result. 






The variability of subsurface electrical properties determine the propagation of radar 
energy through geologic materials. Therefoic, adverse subsurface conditions limit its 
usefulness on a site specific basis. Water saturations and the chemical nature or activity 
generally control the dielectric and conductive properties of the materials. High 
conductivity situations will result in attenuation and a reduction in signal velocity or 
strength, causing a decrease in depth penetration or observable reflections. Subsurface 
reflections may be unattainable where there is a lack of electrical property contrasts. The 
presence of highly conductive clay materials for instance, in concentrations of ten percent 











or more, is probably the greatest limiting factor affecting the usefulness of the radar 
method. 








accounted for. Normally, low frequency antennas are 
radiate energy in all directions. Therefore above ground 
to occur at various time-depths equal to the distance the 

to the object. These interferences often obscure 
. Also, due to the of the antenna being in contact with 
bumpy ground surface may alter data characteristics. 
, when surface conditions are extremely rough, the antenna may be slightly 
on a platform and carried across the site. Radar data acquired 
corrections for addition of the intervening air layer above the 
to verify the outcome of such actions is recommended. 





GPR has effectively mapped soil layers, depth of bedrock, cavities, voids, rock fractures, 
ice thicknesses, and buried stream channels. In engineering and hazardous waste 
environmental studies, it has been utilized to locate and delineate areas of buried waste 
materials, contaminant plumes, buried utilities and examine concrete structures. 

have included examination of burial sites, buried structures, 
detection of metallic objects, and other related anthropogenic features. 


Several varieties of radar equipment are available, based on surveying requirements. The 
most common in usage today, having particular application to archaeology, is the 
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4.3.6 








clay composition or high water saturation is suspected, 
abandonment of the survey should be considered. 


Finally, if all other factors indicate the survey could provide beneficial information, 


data is acquired over the entire length of the survey line, station distances can be marked 
at convenient intervals. Activation of a marker signal, which is transferred to the graphic 
record, is performed as the antenna passes each surface location mark. 


On-Site Compatibility Testing and Equipment Calibration 


Experience has shown, though the pre-survey evaluation may indicate poor results, on- 
site testing is highly recommended. The testing should include acquiring profiles over 
known targets where burial depths are accurately known. Also, this study should include 
using several different frequency antennas. Optimum depth penetration verses object 
resolution can be determined. More than one antenna may be selected to satisfy overall 
project requirements. After performing these field tests, it should be obvious to the 
operator whether or not useful radar information is obtainable at the site. 


Where the depths to objects or features are not known for calibration purposes, a test bed 
may be constructed. This may consist of burying objects at measured depths within a 
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passing the antennas over the surface, This type of test should 
determine the applicability of ground penetrating radar to the site 


requirements involve; optimize the time-depth range of the instrument 
as determined by target depth, and adjustment of time varying signal 






equipment. A survey grid of parallel lines may be established across the site with line 
interval spacings of five to ten feet (1.5-3.0 meters). Along each profile line, location 
marks can be situated at convenient station intervals, generally on the order of five feet 
(1.5 meters). The antenna handler actuates a location marker switch as the center of the 
antenna passes over each station location. The actuation of this antenna switch puts a 
corresponding fiducial mark on the radar graphic plot for reference with surface 
locations. As the radar antenna is moved across the land surface electromagnetic energy 
is radiated downward into the subsurface at a selected rate of 25.6 radar scans per 

. A receiving antenna, commonly incorporated with the transmitting antenna, 
reflected back from lithologic or anomalous variations found in the 
will most often be displayed in the field on a graphic plotter. The 
may also be recorded to magnetic tape for future computer analysis. The 
y make notations on the graphic plot describing line 
depth range in nano seconds, antenna frequency, direction of movement, 










information, surface conditions, interferences, and location of archaeological features. 


Electromagnetic resporses are generated at the interfaces of materials having different 
electrical properties. Reflections, or their absence, can often be related to natural 
on ae conditions such as; bedding planes, mineral cementation, moisture 

Clay content, vvids, fractures, and intrusions. Man made objects or 
disturbances may also be observed in the subsurface as well. Often field data may be 


processed and enhanced prior to interpretation by computer processing. 
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4.3.8 


4.3.9 





The nature of the GPR method offers a number of advantages over other geophysical 
methods. The continuous vertical profiling produced by GPR permits rapid data 
gathering along a traverse line with excellent detail, The rapid data collection allows for 
the possibility of cost effective total site coverage. In some cases, the antenna can be 
towed behind a vehicle at speeds up to 10 MPH (16 kilometers per hour). In areas 
requiring high resolution or places having difficult topography, the antenna can be towed 
by hand. Subsurface resolution, dependent on antenna frequency input, ranges from 
centimeters to several meters. 


Field Data Documentation 


As the antenna is moved along the profile a location marker button is actuated at selected 
footage distances by the antenna operator. This mark is transferred to the graphic output 
strip chart electronically. The instrument operator will normally mark these locations 
with proper footage or meters, also indicating any observable interferences or site related 
information. Since the interpreter will examine each recorded profile, these annotations 
are extremely important. They can include location of: cultural features, vegetation, 
topographic or soil changes, geologic information and archaeological features. 
Additionally, all data characteristics such as range in nano seconds, antenna frequency, 
direction of travel, horizontal scale, line orientation, starting and ending points, and an 
estimation of applied signal gains can be annotated on each graphic profile. 





As th~ interpreted information will most likely be transferred to a site map, line, footage 
(meters) or station location, and direction must be accurately recorded. Also, all 


recording parameters such as antenna frequency, time-depth and horizontal output scales 
should be provided. 


Data Reduction 


Generally, with the exception of performing computer color enhancement and filtering 
of data, in the office, little data reduction is required. The most obvious data reduction 
involves conversion of the nano second time scale to an apparent depth in footage or 
meters. Since penetration is dependent upon material properties, knowledge of radar 
signal propagation in soil materials is helpful. The preferable method, and probably the 
most site specific, easily obtainable depth information, can be determined by comparison 
of detected features with known test target information. A second method involves, if 
the nature of geologic materials at the site are well known, comparison with calculated 
standardized radar velocities obtained from geologic material tables. The velocity of a 
radar signal in air is 1 nano second per foot (0.3 ns/meter), dry sand 2-2.4 ns/ft (6.1-7.3 
ns/m), wet sand 5.5 ns/ft (16.6 ns/m), and saturated clay 2.8-3.3 ns/ft (8.5-10 ns/m). 
Utilizing these numbers and others, a rough estimate of depth can be determined. A 
listing of additional radar velocities is provided for review in Appendix D. A third 
method involves a mathematical calculation, if the dielectric properties of the materials 
can be determined. 














ab beta crew vin, se Realization that this is 
is a first step in understanding the data set. The features observed are 


electrical properties; they may coincide with local geology and then again, 





are often the actual field plots, they may be in relatively poor condition. Where data is 
acquired on magnetic tape (recommended), plots can be regenerated at different scales 
or input to the computer for signal enhancement and display in color formats. A 


narrative describing survey procedures, maps depicting detected anomalies and annotated 
profiles should be supplied, probably within a month or so after completion of the field 


survey. 


4.3.12 Special Considerations 


Transmission of microwave energy (radar) has been designated a long term health hazard 
in certain instances. Otherwise other considerations involve keeping the antenna off the 
cable while surveying, being aware of cultural features, particularly power transmission 
lines, and while utilizing an unshielded antenna, observing reflections due to nearby, 
above ground features. It is difficult to negate or filter the effects of electrical or static 
interferences caused by radios or microwave towers. 
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4.3.13 Required Expenditures 


4.4 
4.4.1 


Radar surveying is most certainly one of the more expensive geophysical methods having 
archaeological applications. Instrumentation costs range between $22,000 to $80,000 for 
a profiling system. Systems are available for rent in the $150/day range, when they are 
available, and require additional mobilization/demobilization and shipping costs. 


Since radar is a relatively new geophysical phenomenon it can be difficult finding 
experienced contractors. A normal cost for a two man field crew ranges between $1250- 
$1500 per day. Dependent upon field access and survey requirements as little as 1000 
linear feet (325 linear meters) may be collected in a day. Under excellent acquisition 
conditions 5-10 miles (8-16 kilometers) of data have been acquired in more exploratory 
situations towing the antenna behind a vehicle. Calculation of interpretation expenses is 
often difficult due to the complexity and volume of data. Generally a fee of $350-$500 
per office day can be expected with the high end including some computer processing. 
Generally two days of interpretation time is allocated for each day spent in the field. 


Ground penetrating radar is an extremely useful archaeological investigative method, 
where subsurface conditions permit its usage. Its relative shallow investigative depth, 
high resolution, sensitivity to soil disturbances, and in most instances, ease of data 
acquisition overshadow its relatively high cost. 


Metal Detectors: Where Do They Fit, Discussion 


Purpose 


Numerous varieties of metal detectors, developed primarily for the treasure hunter or 
utility locating professionals, are available. Their construction or operational 
configurations are similar in nature to electromagnetic or magnetic geophysical 
instruments. The ability of equipment to locate iron or metallic objects within the upper 
few feet of the surface »- —~_ simple mode of operation, and inexpensive nature offer 
the archaeologist a lim. » .seful investigative tool. 


Utilization of a detector in combination with other more sophisticated survey methods has 
often proved invaluable. Its usefulness may be realized not so much in identifying 
significant archaeological features, though it is not unheard of, but more for determining 
shallow geophysical survey interferences related to recent cultural activities. An informal 
or more formal grid metal detector search can be quickly performed across a site during 
the initial visual site inspection. It is a highly recommended procedure. Whereas, most 
professional exploration geophysicists consider the metal detector quasi geophysical 
equipment, its usefulness to engineering or environmental geophysical investigators is 
apparent. 
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4.4.2 


4.4.3 


4.4.4 


Limitations 


Electromagnetic and magnetic detectors are generally useful only for investigation of the 
upper few feet of the surface. Nearly all systems provide an audible tone indicator either 
transmitted to headphones or to an external loud speaker as a qualitative measurement 
of the presence of a metallic object. Newer instruments are configured to provide a 
visible absolute or relative scale of signal amplitude. Due to instrument configurations, 
the field or area of investigation of individual detectors can vary, thus affecting 
instrument sensitivity and consequently discrimination of object size and depth of burial. 
In some cases, a small shallow object may produce the same instrument response as a 
larger deeper buried object. All instruments are subject to signal recognition 
interferences due to any nearby metallic objects. 


Applications 


Metal detectors are useful for identification of metallic objects within a few feet of the 
surface. Electromagnetic varieties are generally capable of detecting all conductive 
metals. They are configured with a radio transmitter-receiver coil arrangement similar 
to an EM terrain conductivity meter. Magnetic locators are configured in the form of 
a vertical gradient magnetometer or gradiometer. They are only capable of detecting iron 
Objects. Besides utilization by treasure hunters, very sophisticated alkali-vapor detectors 
are currently employed for military ordinance locating. Other less sophisticated systems 
are used for utility locating and hazardous waste receptacle identification. 


Equipment Selection 


Essentially three (coil head, two box, and magnetic) types of equipment are available. 
Electromagnetic models are configured as two box or coil head, sensor systems. The 
two box consists of a three foot (approximately one meter) long rod fitted with a 
transmitter on one end and receiver box on the other. This system is sling carried 
several inches above and level to the ground surface. Movement out of level due to 
surface topography will produce an instrument response. Depth and area of investigation 
is about three feet. Due to this relatively large area, the sensitivity of the instrument is 
relatively poor. All conductive metal should produce an instrument response within the 
two box system. 


The coil system consists of a control box situated on the end of a four foot long rod. At 
the opposite end, a thin dish shaped sensor head is positioned one inch above and parallel 
with the ground surface. Many of the coil systems offer interchangeable sensor heads 
of various diameters. Larger diameter heads are capable of greater depths of 
investigations normally in the 24 inch (60 centimeter) range. These instruments are 
designed with a radio transmitter located in the central area of the circular sensor head. 
The receiving element is located around the outside edge of the sensor head. These 
instruments are marketed primarily to treasure hunters for both land and underwater 
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4.4.5 


4.4.6 


4.4.7 





applications. Many have options for setting instrument sensitivities to selectively 
examine for all or individual metals based on electrical conductance. 


Magnetic configured devices are somewhat similar to magnetic gradiometers. Two 
Magnetic sensors are stacked vertically, normally within 18 inches of each other. Both 
sensors will detect a buried iron object as the instrument passes over. The lower sensor 
will produce a greater response due to its closer proximity to the object than the upper 
one. If the object is small, the upper sensor may not respond to it at all, The 
cumulative electrical potentials generated at each sensor produce an audible instrument 
response, The instrument will respond to either the mono or dipole magnetic field 
configuration signature of an anomaly. This type of detector is very sensitive to iron 
Objects only, to depths of eight feet. Partially oxidized iron will also cause a response 
in most instances. 


Occasionally, some metal detector instruments may respond to nonmetallic buried 
features such as an excavation or material having a significant composition change from 
the host material. This may be detected as a tonal change in the instrument response. 
Excavation is recommended at several of these anomalies to determine their significance. 


Pre-Survey Site Evaluation 


No evaluation is necessary as this method is considered a cursory site screening 
technique. Knowledge of cultural related interferences such as utilities would be helpful. 


On-Site Compatibility Testing and Equipment Calibration 


No site testing is normally performed, but an equipment calibration is recommended to 
determine the effectiveness of the metal detector. This is best performed by passing the 
instrument over known buried objects to acquire a knowledge of equipment response. 


Data Acquisition 


A metal detector search should be conducted in a systematic manner. Object size, depth 
of burial and metallic characteristics will dictate search sweep radii and type of 
instrumentation, electromagnetic or magnetic. If a survey grid is established, the 
detector may be walked along each line extending or swing the instrument back and forth 
over a comfortable distance in front of the operator. In unmarked areas, the operator 
may search utilizing a paced grid, observing or lining up with some distant site features 
to stay on line. Since no survey recording is performed, nonmetallic markers can be 
dropped at instrument response locations for later documentation or more detailed 
examination. 
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4.4.8 Pield Data Documentation 
Upon completion of the metal detector sweep, location of instrument responses should 


be surveyed into the site plan, Plotting of this information and incorporation into other 
geophysical data sets is considered a recommended procedure. 


4.4.9 Data Reduction 
No data reduction is performed due to the nature of the survey. 


4.4.10 Interpretational Process 


Survey results are most appropriately examined in the field upon survey completion and 
plotting of the observed anomalies. Interpretation of the detected features can only be 
attempted after ground truthing or excavation of a significant number of anomalies is 


performed 
4.4.11 Presentation of Results 





Results are normally presented in site map form. 
4.4.12 Special Consideration 


While utilizing magnetic or two box metal detectors, the operator should be clean of iron 
or metallic objects. Two box and coil sensors must be held level with the ground surface 


at a prescribed elevation above the ground. 
4.4.13 Required Expenditures 


The performance of a metal detection survey is highly recommended for all suitable 
archaeological sites. Its ability to define possible areas of interest or identify more recent 
cultural interferences make it a worthwhile stand alone endeavor. When used in 
combination with other surveys, it also provides easily acquired, useful information. 
Basic instrumentation having archaeological possibilities can be purchased for $350 to 

More sophisticated high resolution equipment, such as utilized in ordnance 
approximately $17,000. Rental of metal detectors are possible at a 











normally pr':..ed to the chart for positioning. For lake bed searches, smaller remote 
control systems are available, or a side scan fish can be towed behind an inflatable boat. 
Overall, side scan sonar has proven to be useful for shipwreck identification, 


provide a shallow high resolution sea floor cross-section. These systems are primarily 
utilized in sea floor hazard studies and other engineering applications. Whereas, all these 
methods utilize an acoustic source and receiver system, they should not be confused with 
or lumped together with conventual seismic reflection or refraction methods. 


Magnetic surveying is performed in a systematic manner similar to a land survey. Since 
perturbations in the total geomagnetic field are sought, similar anomalies should be 
observable in a water environment. Generally fluxgate or alkali-vapor magnetometers 
are utilized to provide continuous profiling capabilities, over the area of interest. The 
magnetometer can be deployed either by ship or aircraft. Magnetic surveys have been 
primarily used to detect shipwrecks, active submarines and other military targets or 
supplement marine seismic surveys. Most marine surveys are conducted with a two 
sensor gradiometer system since temporal variation corrections require a stationary 
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in shallow freshwater to approximate depths of 

freshwater generally exhibits a low conductivity, 

to various depths, dependent upon antenna 

be observed. The survey profiling is often performed by 

antenna on the floor of an inflatable raft. Pulling or towing the raft across the 

a grid system is possible. The application of freshwater radar to 
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capabilities of radar in the freshwater environment offers the archaeologist an excellent 
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Geophysical Methods Having Limited Archacological Applications 


Previous discussions have concerned those geophysical methods believed to be most 
useful for archaeological investigations, Cursory familiarization with several other 
available surveying methods is worthwhile for those extremely specialized cases. The 
order of presentation and discussion length indicate the perceived usefulness for 





25000 ft./sec. (150-7575 m/sec.) and are primarily dependent upon density properties. 
Often, the velocities observed for many rock types overlap, providing non-unique 


interpretative solutions. 


The generation of a source wave and the subsequent detection of the transmitted wave 
by an array of geophones, laid out on the surface allows, for a travel time measurement. 
This time signal measurement is displayed and recorded on a seismographic instrument. 
The interpretation of this data allows for the resolution of the hydrogeologic subsurface 
conditions beneath the study area. 


The seismograph is an instrument which electronically amplifies and displays the received 


identification of the arrival times at each geophone location of the reflected or refracted 
acoustic wave from the seismic source is obtained from this presentation. The time is 
in milliseconds, with zero time or start of trace initiated by the source, 


measured 
providing a trigger signal to the seismograph. 








6.1.2 


may be placed at 10-20 foot (3-6 meter) intervals over 
a distance of 120-240 feet (40-60 meters) employing a twelve channel or geophone array 
seismograph system. Interpretation and processing of the data involves examination first 
arrival time acoustic signals verses distance to each geophone over the geophone array 
spread length. In the best circumstances a velocity can be calculated for each observed 
geologic layer change, subsequently allowing a useful depth of burial determination. 


The cost of seismic refraction equipment is dependent upon equipment sophistication. 
Twelve channel exploration equipment may be purchased for $10,000-$20,000. 
performed by a two man contract crew at a cost of two (2) 


be 
per linear foot ($6.10 per linear meter). Data interpretation often involves 
computer plotting and manipulation of data sets. Daily interpretation fees of $350 to $500 














6.1.3 Acoustic Emissions 





Sub audible sound waves are generated by the release of elastic strain energy within 
earthen structures such as dams slope embankments, and foundation walls. These sounds 
can be measured by an acoustic emission monitor and transducer. 

A count of sound events is generally tabulated each minute. An increase in the number 
of events observed per unit time can be an indication of increasing structural instability. 


Other Electrical/Electromagnetic Surveying Methods 


A variety of other electrical/electromagnetic methods exist that are utilized for geological 
exploration. Several are passive techniques, while others rely on active signal 
transmission techniques. All provide a measure of resistivity, conductivity or some other 
electrically related resultant phenomena. A short description of each follows. 


Induced Polarization (IP) is an active method. Application of an electrical current into 
the subsurface is used to determine electrical and polarization properties of materials. 
It is similar to resistivity methods. A measurement of the capacity of the subsurface to 
be electrically charged or polarized with respect to time, frequency, and phase shift is 
observed. The time duration to return to a natural or neutral state after cessation of the 
electrical charge measures a characteristic physical property. Also, the over voltage 
required to achieve charging or polarization can be measured. Experimentation with IP 
for archaeological investigations has been performed in the 1970's. Equipment 
requirements, interpretive processes, and survey time allocations limited its application 
to site investigations. 


Magnetotellurics (MT) is both a passive (MT) and (controlled source, CSMT) active 
geophysical method. It provides a measurement of resistivity and phase or apparent 
impedance of subsurface materials. It is useful in geologic basin analysis and geothermal 
exploration. 


Very Low Frequency (VLF) radio transmissions from various world wide military 
installations provide a source. The instrument detects anomalous vertical magnetic field 
components caused by source signal interaction with subsurface conductors. It is 
primarily utilized for geologic reconnaissance. VLF instruments can provide information 
pertaining to approximate location ana type of conductors in the subsurface to depths of 
200-300 feet (66-98 meters). 


Time Domain Electromagnetic Method (TDEM) is an active method. The method 
provides a sample of the decay curve produced in a receiving coil by resultant eddy 
currents in the subsurface. It provides a measurement of electrical conductivity, for 
identification of mineralization, shear zones, zones of brine or salt water, waste 
contamination and surficial conductors. 
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6.3 Borehole and Tomographic Surveying 


Exploration for hydrocarbons is the major impetus in the development of borehole 
methods. With the development of resistivity surveying tool by the French 
the 1920's, and more recently development of borehole radar instruments, all classical, 
as well as, non classical methods have been adopted to borehole investigations. To date, 
methods have not only been utilized in mineral exploration, but are finding 
usage in the environmental and engineering sectors. Since borehole 
are generally related to and have been developed for deeper geologic 
, its usefulness in shallow archaeological investigations is very limited. One 
usage of borehole techniques, which may have some significance to 
has been the radar and acoustic tomographic studies performed to locate 
tunnels and subsurface voids. Tomographic geophysical investigations, likened to a 
medical Cat scan, are performed from borehole to surface or borehole to borehole. This 
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7.0 
71 


7.2 


7.3 


7.4 





Quality Control 


Purpose 


The performance of an archaeological related geophysical survey is certainly of great 
importance to our cultural heritage and site investigators. Comparing it to a civil 
or hazardous waste related geophysical investigation, though, where public 
safety is of concern, the rigors of survey performance may be somewhat more relaxed. 
Nevertheless, a quality control or assurance plan should be established. It should provide 
a description of task objectives, prescribe acceptable methods to satisfy the objectives and 
offer guidelines for reporting of conclusions. A standardization of these criteria, on a 
project basis, will assure presented conclusions are reasonable and will survive future 


scrutiny. 


Equipment 


Electronic geophysical equipment, subject to field and travel related abuse, is prone to 
mechanical, electronic failures and related problems. All equipment, when supplied by 
the manufacturer, is calibrated to some sort of nationally or professionally accepted 
calibration standard. Equipment calibration divergence often occurs as instruments age, 
such that quality control procedures become very important. The geophysicist must 
address this fact of life. A knowledgeable surveyor will often perform field calibrations 
consisting of electronic testing of the equipment or performing test surveys against known 
targets. Often, total equipment failure requires calibration by the manufacture. It is often 
possible to continue with a survey even when the instrument is known to be out of 
calibration. Equipment quality control is not so much related to absolute calibration, but 
realization of how poor calibration may affect the survey. 






Personnel 


The complexity of the project should dictate the level of education and experience 
necessary to perform a geophysical survey. Where a single method of investigation is 
proposed for an archaeological site, a geophysicist specializing in that method should be 
considered. Where multiple surveys are scheduled, an organization providing a variety 
of expertise may be a good choice. Field acquisition personne! may be less experienced 
as long as a project manager having a proper level of experience is present. 


Field Oversight 
On-site project management is an important quality control requirement. Oversight 


individuals should include the geophysical project manager and the principal site 
investigator. While in the field these individuals will provide an ongoing assessment of 


operations to assure all project objectives are achieved. 
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7.5 Record Requirements 


A geophysical project file will be generated over the life of the investigation. Depending 
upon the sophistication of the project, it may include the following: 


1. Description of Project Objectives. 

Investigation Plan. 

Information of Other Investigations. 

Description of Daily Activities. 

5. Field Reports and Administrative Records. 
Original Field Data with Preliminary Analyses. 

7. Formal Data Analyses and Evaluations. 


8. Site Maps, Geophysical Profiles and Maps. 


- PF .F 








8.2 


8.3 


8.4 


Administrative Requirements 


Project administration often requires a daily review of activities to assure that quality, 
as well as cost controls are maintained. This is especially important when a survey and 
are preferred on a cost plus basis. Typical information may include daily 


interpretation 
report of field activity, budgeting, equipment usage and time allocations. 
Field Activity Records 


A daily journal of field activities performed on-site, kept by the investigator or operator, 
is highly recommended. This may include descriptions of changes to the geophysical 
survey, listings of personnel and visitors to the site, and a general assessment of survey 
performance and progression. 


Budget Reconciliation 


Submission of a daily record of survey expenses may be a requirement for extended 
projects. Expenses related to equipment purchases and rentals, subcontractor services, 
such as land surveyors, subsistence requirements, equipment shipping and wages of 
personnel may be reported. 


Equipment Usage 
A log of geophysical equipment usage should be maintained. Information concerning 


equipment operating hours, serial numbers, calibrations performed and notation of known 
deficiencies and associated corrective actions are normal reporting requirements. 








Time Allocations 


As a final administrative function a project related time allocation log can be maintained 
over the survey period. Since much of the expense of a survey is primarily labor related, 
this is an excellent method of determining proper utilization of manpower. Adherence 
to a predetermined survey schedule is often a difficult task, even in the best of 
circumstances. Tracking of time expenditures will indicate survey problem areas 
requiring corrective actions. 
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9.0 Acquisition Records 


9.2 


Original Data Sets 


Knowledgeable archaeological investigators are very familiar with time, effort and 
expense required to conduct field operations. Geophysical operations are performed under 
similar circumstances. Since much of the acquired geophysical field data is unique, it 
must be considered irreplaceable since budgets and time constraints are often limited. 


All hard copy data including field data sheets, graphic paper records, as produced in 
seismic and ground penetrating radar surveys, observer field notes, supporting 
information and data listings as acquired in a magnetic or terrain conductivity survey 
should be appropriately labeled, catalogued and stored carefully. Misplacement or loss 
of even a small portion of data information can render an entire survey useless. As an 
example, if one magnetic profile line is dropped from a grid survey and not accounted 
for, inaccurate anomaly location will occur, from that point onward. Excavation on a 
poorly located feature may discredit the use of geophysical methods on that site in the 
future. 


As a precaution, copying of all data sets should be performed as soon as possible. This 
can be done in the field for computer listings, if a printer is available, or upon return to 
the office. Reproduction of certain graphic records such as graphic GPR data, is well 
worth the expense. If original data is to be forwarded, a transmittal letter should 
accompany the information. 


Data Storage 


Upon project completion, either the archaeological investigator or the geophysical 
contractor should store the data for an appropriate time period, usually over the duration 
of the project. Often graphic paper outputs will deteriorate over time and may require 
special handling. Even magnetic tapes when stored under ideal conditions will skew, 
possibility losing bits of information. If storage requirements are to be lengthy, transfer 
to computer optical disk or reproducible film is highly recommended. This information 
should be appropriately catalogued for future reference. 
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10.1 


10.2 


10.0 Project Planning Requirements 

























A compilation of project planning guidelines follows. Before a survey is to be attempted 
or contractor bids are sought, archaeological investigators should possess a working 
knowledge of these factors. 


Overall Statement of Project Objectives: Task Definition 
® Review of available site information to provide a descriptive assessment of site: 


Surface: location, area extent, access, climate. 
Subsurface: soil type, ground water, geology. 


° Consideration of Site Specific Conditions: 


Cultural: sources of geophysical noise. 
Vegetation and other surface obstructions. 
Site access clearances, ownership. 
Insurance Requirements. 

Coordination of investigator activities. 
Time constraints. 


° Integration of Additional Investigations: 


Geophysical. 
Excavation. 
Aerial Surveys. 


° Probability of Success: 


Target size and depth. 

Survey method accuracy. 

Proposed survey methods and survey locations. 
Quality assurance definition. 


Formulation of the Survey Plan: Getting Started 


Whether the geophysical survey is to be performed by a contractor or by the 
archaeological investigators, a preliminary survey plan is required. If a well thought out 
plan is supplied to the contractor, it will indicate the archaeologist is familiar with 
geophysical methods. Thus, much of the superfluous communication can be eliminated 
from the contractor’s proposal. Elements of the plan should address the following: 


° Previews of proposed operations and scheduling. 
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Provision for a base map, plot plan or air photos. 
Proposed survey configuration. 

Establishment of surface locating requirements. 
Requirements for equipment and procedural checks. 
Data acquisition and survey adjustment discussion. 
Data reduction: field and office requirements. 
Quality assurance and inspection. 

Presentation of findings, upon survey completion. 
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11.0 Technical Review 


The ability to technically review the correctness of a geophysical survey requires 
education and experience. In the archaeological context however, ground truthing |! 
more likely determine, at least in the archaeologist's mind, survey technical meri 


The technical review should be performed on a total project basis. Review of the 
proposal should indicate a clear understanding of: project objectives, tasks required to 
satisfy the objectives and desired results. Pield data and procedures are ‘eviewed for 
quality, documentation and calibration requirements. Interpretational review includes 
observation of acceptable data reduction techniques, computational accuracy, and 
integration of pertinent information. The final report should be reviewed for 
professionalism, accuracy and presentation of clearly understandable objectives, 
equipment and procedural descriptions, findings and recommendations. 














12.0 Concluding Remarks: The Peviect Surry 


From the point of view of the geophysicist, the requirements for a perfect survey would 
consist of 


l, 
2, 


The Client: providing an absolutely clear understanding of desired results. 
The Site: low noise, high contrast targets, and easy access. 


Acquisition: the ability to acquire unlimited data sets utilizing all site-applicable 
methods. 


Ground Truth: an instant capability to excavate al) detected anomalies. 


Time: sufficient allocation of interpretive time to analyze all data consequences, 
plus two weeks. 


Reality dictates that these are highly unlikely occurrences. On occasion, a site or project 
may exhibit one of these luxuries but rarely two or more. 


The presentation of these methods applicable to archaeological investigations will 
hopefully enlighten interested individuals. Understanding the capabilities and 
complexities of geophysical surveying can only be realized by having access to 
geophysical equipment and working with a knowledgeable geophysicist. 











ACCELEROMETER - A geophone whose output is proportional to acceleration. A moving coil 
geophone, for exemple, with a response proportional to frequency (as may be the 
case below the natural frequency) may operate as an accelerometer. 


ACOUSTIC LOGGING - A borehole logging survey which will display any of several aspects 
of acoustic-wave propagation, i.e., a sonic, amplitude, character or 3-D log. 


AMPLITUDE - The size of a signal, either in the ground or after amplification. Usually 
measured from the zero or rest position to a maximum excursion. The amplitude 
of a signal has units based on velocity (in/sec) or displacement (in). 


ANALOG - (1) A continuous physical variable (such as voltage or rotation) which bears a direct 
linear relationship to another variable (such as earth motion) so that one is 
proportional to the other. (2) Continuous as opposed to discrete or digital. 

ANOMALY - A deviation from uniformity in physical properties, often or 
exploration interest. For example, a travel time anomaly, Bouger anomaly, free- 
air anomaly. 


APPARENT VELOCITY - (1) The velocity with which a wavefront registers on a line of 
geophones. (2) The inverse slope of a time-distance curve. 


ARCHAEOGEOPHYSICS - Prospection in European terms, usage of geophysical methods to 
evaluate an archaeological site. 
B 
BASEMENT - (1) Complex, generally of igneous and metamorphic rocks 
overlain unconformably by sedimentary strata. (2) Crustal layer beneath a 
sedimentary layer and above the Mohorovicic discontinuity. 


BEDROCK - A solid rock exposed at the surface of the earth or overlain by unconsolidated 
material. 


BLIND ZONE - Hidden layer, normally associated with refraction seismic. 
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C 


CABLE - The assembly of electrical conductors used to connect the geophone groups to the 
recording instruments. 


CASING - Tubes or pipes used to line drill holes or shotholes to keep them from caving in. 
Usually made in ten-foot lengths which screw together. 


CATHODIC PROTECTION - Electrical corrosion protection for pile foundations, electrical 
grounding mats, buried pipelines, etc., generally requiring soil and rock electrical 
resistivity measurement. Can have a detrimental affect on electrical and 


electromagnetic surveys. 


CHANNEL - (1) A single series of interconnected devices through which geophysical data can 
flow from sources to recorder. Most seismic systems are 24 channel, allowing 
the simultaneous recording of energy from 24 groups of geophones. (2) A 
localized elongated geological feature resulting from present or past drainage or 
water action; often presents a weathering problem. (3) An allocated portion of 
the radio-frequency spectrum. 


CHARACTER - (1) The recognizable aspect of a seismic event, usually in the waveform, which 
distinguishes it from other events. Usually a frequency or phasing effect, often 
not defined precisely and hence dependent upon subjective judgment. (2) A 
single letter, numeral, or special symbol in a processing system. See also byte, 
with which it is sometimes used interchangeable. 


COMMON DEPTH POINT (CDP) - The situation where the same portion of subsurface 
produces reflections at different offset distances on several profiles. Related to 
seismic reflection surveying. 


COMPRESSIONAL WAVE - A elastic body wave in which particle motion is in the direction 
of propagation. (Same as P-waves, longitudinal wave, dilation wave). 


COULOMB'S LAW - Law of magnetic attraction which relates a force between two magnetic 
poles separated by some distance. 
CRITICAL ANGLE - Angle of incidence, for which the refracted ray grazes the surface of 


contact between two media (of velocities) V1 and V2): 
sin = VI/V2 
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CRITICAL DISTANCE - Used in either of two different meanings; (1) The offset at which a 
refracted event becomes the first break; cross-over distance. (2) The offset at 
which the reflection time equals the refraction time; that is, the offset for which 
the reflection occurs at the critical angle. Important aspect of seismic refraction 


surveying. 


CROSSFEED (Crosstalk) - Electrical or acoustic interference resulting from the unintentional 
pickup of information or noise on one channel from another, 


CROSS-SECTION - A plot of seismic or GPR events, similar to a geologic section. 


DATUM - (1) The arbitrary reference level to which measurements are corrected. (2) The 
surface from which seismic reflection times or depths are measured, corrections 
having been made for local topographic and/or weathering variations. (3) The 
reference level for elevation measurements, often sea level. 


DELAY TIME - (1) In refraction work, the additional time taken for a wave to follow a 
trajectory to and along a buried marker over that which would have been taken 
to follow the same marker considered hypothetically to be at the ground surface 
or at a reference level. Normally, delay time exists separately under a source and 
under a detector; and is dependent upon the depth of the marker at wave 
incidence and emergence points. Shot delay time plus geophone delay time 
equals intercept time. (2) Delay producec by a filter. 


DIFFRACTION - (1) Scattered energy which emanates from an abrupt irregularity of rock type, 
particularly common where faults cut reflecting interfaces. The diffracted energy 
shows greater curvature than a reflection (except in certain cases where there are 
buried foci), although not necessarily as much as the curve of maximum 
convexity. It frequently blends with a reflection and obscures the fault location 
or becomes confused with dip. (2) Interference produced by scattering at edges. 
(3) The phenomenon by which energy is transmitted laterally along a wave 
crest. When a portion of a wave train is interrupted by a barrier, diffraction allows 
waves to propagate into the region of the barrier's geometric shadow. 


DIGITAL - Representation of quantities in discrete units. An analog system is one in which 
the information is represented as a continuous flow of the quantity constituting the 
signal. 


DIPOLE - A pair of closely spaced current electrodes which approximates a dipole field from 
a distant pair of voltage detecting electrodes. 
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BLASTIC CONSTANTS: Important seismic surveying relationships. 


(1) Bulk modulus, K - The stress-strain ratio under 
hydrostatic pressure: 


K= AP 
4 V/V 


where P = pressure change, V = volume, and A V = change 
in volume. 


(2) Shear modulus = rigidity modulus = Lame's constant, 
uw - The stress-strain ratio for simple shear: 


»= AFA, 
4 UL 


i 


4 F = the tangential force, A = cross-sectional area, L = distance 
shear planes, and 4 L = shear displacement. The shear modulus can 
be expressed in terms of other moduli as: 


4 


p=” Bil + o) 


(3) Young's modulus = stretch modulus, E - The stress-strain ratio when a rod 


is pulled or compressed: 
4 U/L 


where 4 F/A = stress force per unit area, L = original length and AL = 
change in length. 
(4) Lame’s A constant - If a cube is stretched in the up-direction by a tensile 
stress, S, giving an upward strain, s, and S' is the lateral tensile stress needed to 
prevent lateral contraction, then: 

A = S'/s 


This constant can also be expressed in terms of Young's modulus, E, and 
Poisson's ratio, o: 


A= oe 
(1 + @) (1 - 20) 
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ELECTROMAGNETIC - Periodically varying electromagnetic fields, such as light, radio waves, 
radar, etc, 


FILTER - (1) The part of a system which discriminates against some of the information entering 
it. The discrimination is usually on the basis of frequency, although other bases 
such as wavelength or moveout (see yelocity filter) may be used. The act of 
filtering is called convolution, (2) Filters may be characterized by their impulse 
response or more usually be their amplitude and phase response as a function of 
frequency. (3) Bandpass filters are component filters. (4) Notch filters reject 
sharply at a particular frequency. Primarily used to reject 60Hz line noise. (5) 
Digital filters provide a means of filtering data numerically in the time domain 
by summing weighted samples at a series of successive time increments. Digital 
filtering can be the exact equivalent of electrical filtering. Digital filtering is very 
versatile and permits one to filter easily in accordance with arbitrarily chosen 
characteristics which might prove very difficult or impossible to introduce with 
electrical components. 


FIRST BREAK - First arrival - The first recorded signal attributable to seismic wave travel from 
a known source. First breaks on reflection records are used for information about 
the weathering. Refraction work is based principally on the first breaks, although 
secondary (later) refraction arrivals are also used. 


FREQUENCY - The repetition rate of a periodic waveform measured in cycles per second or 
Hertz. Angular frequency measured in radians per second. 
G 
GAL- An acceleration of one centimeter per second related to gravity. A milligal is 0.001 gal. 


GAMMA- Common unit of magnetic intensity, equal to 0.00001 oersted, where an oersted is 
a unit of magnetic intensity. 


GEOPHONE - (SEISMOMETER, JUG) Instrument used to convert seismic energy into 
electrical energy. 


GEOPHONE STATION - Point of location of a geophone on a spread, expressed in engineering 
notation as | +75 taken from 0+00 at the beginning of the line. 
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GRAVIMETER - gravity meter - An instrument for measuring variations in gravitational 
attraction. 


GRAVITY SURVEY - A survey performed to measure the gravitational field, or derivatives, 
to associate differences in the field with density distribution and therefore 


differences in rock types. 


HIDDEN LAYER - A layer which cannot be detected by refraction methods, typically a low 
velocity layer lying beneath a high velocity layer. 


HYDROPHONE - Pressure detector - A detector sensitive to variations in pressure, as opposed 
to a geophone which is sensitive to motion. Used when the detector can be 
placed below a few feet of water as in marine or marsh work or as a well 


seismometer. The frequency response of the hydrophone plant depends on its 
the surface because of a standing wave pattern subject to the 
boundary condition that pressure be zero at the surface and a maximum at a 


quarter wave length. 
I 
IN-LINE OFFSET - Shotpoints that are in line, but offset to, a spread. 


L 


LEADS - An electrical conductor used to connect electrical devised. Geophones are connected 
to cables at the takeouts via leads on the geophones. 


LINE - A series of profiles shot in line. 
LOW-VELOCITY LAYER (LVL) - weathering. The surface layer which exhibits low seismic 
velocity. 
M 
MAGNETIC SURVEY - A Survey performed to measure the magnetic field, or its components 


as a means of locating concentrations of magnetic materials or determining depth 
to basement. 











MILLIMHO - unit of measurement of conductivity, the inverse of resistivity or electrical 
resistance, ohm. 


MILLISECOND - a time interval of one thousandth (0.001) of a second, most often related to 
seismic data. 


MILLIVOLT - one thousandth (0.001) of a volt. Volt is a unit measurement of electromotive 
force. 


MIS-TIE - (1) The time difference obtained on carrying a reflection event or some other 
measured quantity around a loop; or the difference of the values at identical 
points on intersecting lines or loops. (2) In refraction shooting, the time 
difference from reversed profiles which given erroneous depth and dip 
calculations. 


NANOSECOND (ns) - One billionth of a second, unit of measurement often utilized in ground 
penetrating radar to describe depth of penetration into the subsurface. 


NANOTESLA (nT) - Unit of magnetic anomaly magnitude, equivalent to | gamma. 


NEWTON'S LAW - Law of gravitation, which expresses a force of attraction between two 
masses. 


NOISE - (1) Any undesired signal; a disturbance which does not represent any part of a message 
from a specified source. (2) Sometimes restricted to energy which is random. 
(3) Seismic energy which is not resolvable as reflections. In this sense noise 
includes microseisms, shot-generated noise, tape-modulation noise, harmonic 
distortions, etc. Sometimes divided into coherent noise (including non-reflection 
coherent events) and random noise (including wind noise, instrument noise, and 
all other energy which is non-coherent), to the extent that noise is random, it can 
be attenuated by a factor of Vn by compositing n signals from independent 
measurements. (4) Sometimes restricted to seismic energy not derived from the 
shot explosion. (5) Disturbances in observed data due to more or less random 
inhomogeneities in surface and near-surface materials. 


NOISE SURVEY - Or ground noise survey. A mapping of ambient, continuous seismic noise 
levels within a given frequency band. As some geothermal reservoirs are a 
source of short-period seismic energy, this technique is a useful tool for detecting 
such reservoirs. 
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OBSERVER - The geophysicist in charge of recording and overall field operations on a seismic 
crew, 


OHM - Unit of electrical resistance. 

ON-LINE - Shotpoints that are shot at any point on a spread other than at the ends oi the spread. 

ORIGINAL DATA - Any element of data generated directly in the field in the investigation of 
a site; or a new element of data resulting from a direct manipulation or 
compilation of the field data. 

OSCILLOGRAPH - Camera. 


OSCILLOSCOPE - A type of oscillograph that visually displays an electrical wave on a 
fluorescent screen, as of the cathode ray tube type. 


P 


PLANT - The manner in which a geophone or electrode is placed on or in the earth; the 
coupling to the ground. 


PRIMACORD - An explosive rope that can be used to either connect explosive charges, or can 
be detonated separately as a primary energy source. 


PROFILE - The series of measurements made from several shotpoints into a recording spread, 
from which a seismic data cross section or profile can be constructed. 


PROSPECTION - European term for archaeogeophysics, or the usage of geophysical methods 
for archaeological assessments. 


PVC - Polyvinylichloride, a plastic tubing or pipe that is used to case corings or shotholes. 


R 


RADAR - A system in which short electromagnetic waves are transmitted into a medium, and 
the energy which is scattered back by reflecting objects is detected. May be used 
for shallow penetration surveys in the ground, salt, ice, fresh water, masonry and 
other materials. 





RAYLEIGH WAVE - A seismic wave propagated along a free surface. The particle motion is 
elliptical and retrograde. 


RAYPATH - A line everywhere perpendicular to wavefronts (in isotopic media). The path 
which a seismic wave takes. 


RECONNAISSANCE - (1) A general examination of a region to determine its main features, 
usually preliminary to a more detailed survey. (2) A survey whose objective is 
to ascertain regional geological structures or to determine whether economically 
prospective features exist, rather than to map an individual structure. 


REFLECTION SURVEY - A survey map of geologic structure using measurements made of 
arrival time of events attributed to seismic waves which have been reflected from 


interfaces where the acoustic impedance changes. 


REFRACTION SURVEY - A survey to map geologic structure and to determine compressional 
wave velocities by using head waves. Head waves involve energy which enters 
a high-velocity medium (refractor). 


REFRACTION WAVE - Head wave - Mintrop wave - conical wave - wave travel from a point 
source obliquely downward to and along a relatively high velocity formation or 
marker and thence obliquely upward. Snell’s law is obeyed throughout the 
trajectory. Angles of incidence and of emergence at the marker are critical 
angles. Typically, refracted waves following successively deeper markers appear 
as first arrivals with increasing range (shot to detector distance). Refracted waves 
following different markers may occur at different arrival times for any given 
range. Such waves cannot arise for angles of incidence less than the critical angle 
for any given marker. At the critical angle, the refracted wave path (and its 
travel time) coincides with that of a wide angle reflection. 


REFRACTOR - Refraction marker: A relatively high velocity extensive layer, underlying lower 
velocity layers, which transmits a refraction wave horizontally. 


RESISTIVITY - (electrical) - A property of rock material giving a measure of the difficulty 
involved in driving an electrical current through it. Mathematically, resistivity 
is the ratio of electric field intensity to current density. 


RESISTIVITY METER - A general term for an instrument used to measure in situ the resistivity 
of soil and rock materials. 


RESISTIVITY SURVEY - A survey performed to observe the electric fields and earth resistivity 
caused by introducing a current into the ground. 








REVERSE PROFILE - A refraction seismic profile that has been generated by shooting at both 
ends of a spread. 


S 


SEISMIC AMPLIFIER - An electronic device used to increase the electrical amplitude of a 
seismic signal. (see geophone) 


SEISMIC CAMERA .- A recording oscillograph used to produce a visible pattern of electrical 
signals to make a seismic record. 


SEISMIC CAP - A small explosive designed to be detonated by an electrical current, which in 
turn detonates another explosive. These caps are designed to provide very 
accurate time control on the shot instant. 


(SEISMIC) VELOCITY - The rate of propagation of seismic wave through a medium. 
SEISMOGRAM -- A seismic record. 


SELF POTENTIAL - Spontaneous potential, natural potential, SP. The dc or slowly varying 
natural ground voltage between nearby, non-polarizing electrodes. 


SHEAR WAVE - A body wave in which the particle motion is perpendicular to the direction 
of propagation. (Same as S-wave, equivoluminal, transverse wave). 


SHOTPOINT - Point of location of the energy source used in generating a particular 
seismogram. Expressed either sequentially for a line (i.e., SP-3) or in 
engineering notation (i.e., SP 3+00). 


SIGNAL ENHANCEMENT - A hardware development utilized in seismographs and resistivity 
systems to improve signal-to-noise ratio by real-time adding (stacking) successive 
waveforms from the same source point and thereby discriminating against random 
noise. 


SITE DATA PACKAGE - Accumulation of geophysical data information from a single source 
of dissemination analysis and evaluation against the site criteria. Would include: 
charts, records, field notes, maps, photographs, technical reports, lab reports. etc. 


SNELL’S LAW - When a wave crosses a boundary between two isotropic mediums, the wave 
changes direction such that the sine of the angle of incidence of the wave divided 
by the velocity of the wave in the first medium equals the sine of the angle of 
refraction of the wave in the second medium divided by the velocity of the wave 
in the second medium (see critical angle). 
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SPREAD - The layout of geophone groups from which data from a single shot are recorded 
simultaneously. 


TELLURIC - Pertaining to the earth. 


TRACE - A record of one seismic channel. This channel may contain one or more geophones. 
A trace is made by a galvanometer. 


y 
VELOCITY - Quickness of motion, rate of motion through some media, such as the earth. 


VIBROSEIS - A seismic energy source consisting of controlled frequency input into the earth 
by way of large vibrators (truck mounted). 


WwW 


WAVE LENGTH - The distance between successive similar points on two adjacent cycles of 
a wave, measured perpendicular to the wavefront. Expresses as = v/f, where 
= wavelength, v = wave velocity and f = wave frequency. 


WWYV - The U. S. Bureau of Standards radio station that broadcasts time and frequency 
standards. 


For the definition of other geophysical terms used in this manual, refer to: Glossary of 


Terms Used in Geophysical Exploration, Society of Exploration Geophysicists, Tulsa, 
Oklahoma, 1984. 
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Appendix C; 
Potential Sources of Geophysical Equipment and Surveyors 


There are numerous potential sources of both free and al cost surveyors and equipment available 
to the knowledgeable archeologist, Knowledgeable is defined as: (1) having an ability to 
network with individuals involved in geophysics, (2) a good understanding of geophysical 
methods and their application to site assessment, (3) a good story to tell to interest the contacted 
individual to either lend you the equipment or help on a volunteer basis and (4) remembering 
anyone can rent, buy equipment or hire consultants to progress through the learning curve. 


Sources of Equipment or Surveyors: 


U. 8S. Governmental Agencies: 


State Agencies: 


Universities and Colleges: 


Private and Non-Profit Organizations 
Private concerned individuals 
Geophysical Equipment Manufacturers 
Geophysical Equipment Rental Companies 
Geophysical Consultants 


Access to sources |-3 requires contacting the indicated agency within the area 
To access the other groups, it is recommended the following procedure be performed: 


Acquire a copy of the Geophysical Directory, a geophysical trade directory, published 
annually in March. This directory provides the most comprehensive listing of sources 
of equipment and individuals available. The Index page to the 1991 issue is provided for 
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THE GEOPHYSICAL DIRECTORY 


Published Annually in March Forty-Sixth Edition 1901 
2200 Welch Avenue P.0. Bax 130608 
Mouston, Texas 77219 


AUXILIARY EQUIPMENT AND SERVICES (inctuding Recording Cab. Winches, Generstors, etc ) 








Appendix D: 
Geophysical Data Examples and Information Sheets 


Depiction of geophysical 
| 
equipment in Appendix D is provided solely for reference purposes. 
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Archaeological Magnetic Anomalies 
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Fire Pit Or Other 
Single Fired Object 
Brick In Origine! Posistion! 


* Adapted From Applications For Portable Magnetometer Manual, Breiner, 879 
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Typical Magnetic Daily Temporal Variations 


(North American Continent) 




















TYPICAL GEOPHYSICAL SURVEY GRID 
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Typical Archaeology Magnetic Anomaly Detection 
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Grid Spacing Ft) 
* NOTE. Anomaly Detection is Dependant On Object Size, Orientation, and Magnetic Contrast 
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Magnetometer Survey — Location 3€543 
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Typical Gravity Meters 
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Photo Courtesy LaCoste & Romberg Gravity Meters, Inc. 
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Resistivity Meter 
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VLF Meter 
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SCHLUMERGER ARRAY 
VERTICAL ELECTRICAL SOUNDING 


























MN - POTENTIAL ELECTRODES 
AB - CURRENT ELECTRODES 


(VY) VOLTVETER 
|- QURRENT SOURCE 




















Resistivity sounding, Lockwood Stoge Stotion 
Wenner configuration, line N1012, center oat W102) 
Bison 5 ng y’ , Hz, | = 10 mA 

$u ne uring workshop on 
Coophysics Techniques In’ Arohesoleay 





















Resistivity profiles, Lockwood Stage Station 

Wenner configuration, electrode spacing = 1 m 

Bison 2590 meter, f = 5 Hz, | = 10 mA 

survey 13 June 1991 during workshop on 
Geophysics Techniques in Arc 


— lav 4¢ Covel ee — Small Covva | ——h te ovt side 
| 











ELEC TRICAL RESISTIVITY DATA SHEET 




















feature PROVECT evare 
Line MO, Se SURVEY ORECTION 
£ OUIR, Anh AvECMLUMBERGER open ator eal 








GEOmETMIC FacTOR, Iret/p 


























I, 
T,,T,—Current electrodes P,P, Potential electrodes 
a COMPUTATIONS 
x a 2 | = |se 4 
sate | § THe 
o§| Fis 
















































































Davenport & Hadley 1986 
107 
































Project Inetrument model Seriel Ne 
Cele —---2-L-—— BASE ELECTRODE NEGATIVE BY DEFWITION 
Operdtor(s) _____.__... 
————$—$—— 

( Gese-@ Ret) + 
See reverse side for mop io. aime 

( beee-© Rover) 

hover 

STATION | POTENTIAL | RPT CORRECTION :_ 















oe ree _. | —eret ii ) rotor " } | mk — 





tes + ~y¥ 
Aw Ad 

















| 


— 
=Sis== 
==:25 






























































i 


| 
A RD 


CRIFT CORRECTIONS: + Perform once oF begining & once ot ond of iine. om age 
(Eisctroces in bark & Gwey Wem Grect sun) (@) Perform every 30 minutes, ey 1986 

































































Ground Conductivity 
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Electromagnetic Meter EM-31D 
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Ground Conductivity 
Electromegnetic System EM-34-3 


Opereting on the same principtes as the EM.) the EM-343 © deegned to 
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vertical conductrtty profits 
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Ground Penetrating Radar 
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Typical Ground Penetrating Radar Tergets 
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GPR Profile Pioneer Graves (1860) Northeast New Mexico 
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PULSE VELOCITY 
MATERIAL CONDUCTIVITY (mho/m) RESISTIVITY (ohm/m) (Vm) in ne/fe 
Air 0 0 
Fresh Water 10" to 3x10"? 10* to 33.3 
Sea Water 4 0.25 
Sand (dry) wr? eo vor 10’ to 10° 
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Dry Sandy Coastal Land 2x10") 500 
Marshy Forested Flat Land 6xio™? 125 
Rich Agricultural Land 10"? 100 


Pastoral Land Hilly, 5x10") 200 
Forested 


Fresh Water ice 10° to 10* to 100 


Permafront ion) to 1 to 100 
Granite (dry) io~8 108 
Limestone (dry) 1079 109 
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APPROXIMATE VHF ELECTROMAGNETIC PROPERTIES OF VARIOUS MATERIALS 
Useful Ground Penetrating Radar Survey Information 
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GPR Profile Fort William Site Line 2-28 
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Urban Archaeology GPR Profile Tremont Hotel 
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Coil Metal Detector 





Model M-95 Vaive and Box Locator 


© Finde buried metal objects even in wet or mineralized ground 
© Enables you to detect or to ignore small tens 
© Features solid-state circuitry. quick tuning, eudible and visible indications 





The sensitive M-06 eliminetes in pinpointing buried or 

survey markers, manhole covers, and conduits. In fact. it can find 
items made of any metal, iron, brass, copper. nickel. aluminum. steo! 
tin. and teed it penetrates 80, asphalt, or concrete 


Ground Effect Rejection 
Because the Vaive and Box Locetor uses very low frequency weves (VF). i! can 


trom the ground 
































GISCO 








Two Box Metal Detector 








R-210 Pipe and Cable Locator 


The new heavy duty locator allows operators a more efficient means for finding 

in. cain ad cone, Wasi depth measure 

bends end dead ends; and and 
end The locator is mounted in an 


A dual filtering network rejects unwented signals and interference giving better 
of the signal The innovative 
locator circuits provide greater sensitivity. and clarity of signal 


pinpointing 
carry-over trom one utility to another to provide better focus on the desired 
trace object. 


A tone interrupter prolongs everage life from 200 to 500 hrs, depending 
on local temperature and usage. A on “mother board” eliminates 
wire harnesses for long term and low cost servicing 


There is no need of externa! earphones. A built-in loudspeaker overrides heavy 
treffic noless, allowing the operator more comfort and safety 

The pipe end cable locator has a bubble level for precise depth measurements. 
built-in battery testers, plug-in conductive plete and clamp, earphone jack. an 
automatic shut-off and provisions for tuture accessories without obsolescence 
It is shipped complete and ready to operate with batteries 
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Acoustic Emission Monitor 


if 
il 


s headphones or user su plied tape recorder (not included) 
and permanent 


Ht 
ij L 


| 


the significance 
of acoustic emission rates. Koerner, Lord. and (1978) report the 


0-10 counts/minute — condition stable 
10-100 counts/minute — moderately stabie 
100-500 counts/minute — unstable conditions 
500+ — state of failure 


As more field data become available, more detailed quantitative assessments of 
acoustic emissions can be made 


Acoustic emissions are generally produced at a low amplitude For that particu- 
lar amplitude and time, the frequencies are variable Most workers focus thew 
attention on the 500 Hz to 5,000 Hz band. but it should be recognized that 
frequencies within a band of less than 500 Hz or as high as several megahertz 
can be produced The ares to be tested should undergo a preliminary geologic 
assessment A determination of background noise for the entire site should be 
made prior to monitoring acoustic emissions 





Specifications apply to the single channel basic unit with pressure transducer one battery 
channel recorder 


and 8 dual 
ery) > dmmteeteenteies 
ina}. 2 5 sequence 


200 Hz to SO kh 
2-pole state vanable active ineer phase Besse! selectable ina | 2 
‘i 20 Hz to 20 kz 
pass to 2 & 
Low pass — SOO Hz to S wee 


30 nw/(Hiz) + amplifier wideband input nowe density 55 nw/(Mz)% 
sensor wideband nowe density 
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30 days. (with LED drapiay off) 
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Setemic Retraction Dete Example 
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Schematic Field Layout of Selemographic Survey 
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Seismic Line GR-3: 1200 Ft. Nor... of Leyden Rood 
Seismic Line GR-4 Well 2! to Leyden Rood 
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SEISING LINE GR-4: 220 OFFSET 
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START TIME END TIME 











GROUP INTERVAL 
DATE PAGE__OF 
FILE] SPREAD suor|suor | SHOT [CHARGE] STACK | FILTERS | GATN PARITY REMARKS 
LOCATION Loc. jorr. | DEPTH] SIZE I/O ERRORS 
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SEISMIC REFRACTION-DATA SHEET SHEET OF 




















FEATURE PROJECT STATE 
LIne WO SPREAD WO. LOCATION SURVEY DIRECTION UN 
EQUIPMENT. OPERATOR DATE 
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NORMAL SHOT POINT 

SHOT POINT COORDS. Wy. e ELtyv. 

DISTANCE IW LINE. DISTANCE TRANSVERSE DEPTH SOURCE 
CENTER SHOT POINT 

SHOT POINT. COORDS. NW. E. EL EV. 

DISTANCE IW LINE —.... DISTANCE TRANSVERSE ...._DEPTH..__._SOURCE 
REVERSE SHOT POINT 

SHOT POINT COORDS. nH. E. EL Ev. 

DISTANCE IN LINE... DISTANCE TRANSVERSE —._._ DEPTH SOURCE 

NORMAL OFFSET SHOT POINT 
SHOT POINT COOROS. WN. £. EL EV. 
OISTANCE IN LINE... DISTANCE TRANSVERSE _.._ DEPTH. SOURCE 


REVERSE OFFSET SHOT POINT 















































SHOT POINT COORDS. NW. c EL Ev. 
OISTAWCE IM LINE. DISTANCE TRANSVERSE —__ DEPTH _ SOURCE 
COMMENTS: 


Davenport & Hadley 1986 
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Seismic Reflection Survey Data Form 
























































































































































































































































































































































Side 


Scan Sonar 





Side-Scan Sonar 500SS 


The WESMAR S00SS Side-Scan Sonar system can locate and identify under- 
water objects, explore and map seabed terrain, plan informed diving, and paint 
@ permanent record of underwater topography on 8” chart paper. Sixteen 
shades of grey indicates target density with dark grey representing denser 


The Side Scan uses sonar transducers to sweep the sea bottom with two 
fan-shaped acoustic beams transmitted at right angles from the submerged tow 
fish. The beam is 1.5 degrees in the horizontal plane and 35 degrees in the 


The twin fan-shaped beams are reflected by topographical features and sub- 
merged objects. on or near the sea bottom. This reflected acoustic energy is 
detected by the tow fish and charted on the shipboard chart recorder for an 
easily interpreted, continuous and permanent “picture” of the sea bottom. 


The WESMAR Side-Scan system features a lightweight (under 15 Ibs.), portable 
tow fish that requires no winch for handling. The recorder can print left and 
right channels simultaneously or, for a larger picture, print one channel across 
the full 6 inches of paper. 


Seven ranges from 100 to 1600 feet and five paper speeds help produce the 
most informative picture to match the particular tow speed, depth and desired 
targets. Independent left and right near-far gain controls highlight targets at all 
ranges. A push-button “Event” marker lets the operator mark points of interest 
for later reference. Transmitter pulse width is adjustable for maximum 


Wotuses tas system includes tow fish, downrigger, tow bar, recorder, 
200 ft. (61 m) of tow cable, chart paper, power cord, owner's manual. 
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Specifications 

Records: 

Signal Resolution 4 bits, 16 shades, 64 marking points per inch 
pa 100, 150, 250, 400, 600, 1600 














Oveplay Left and right, left or right. 
Chart Advance. Selectable, 5 speeds. internal clock 


















































Please write for complete Specification Sheet 
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Combined Magnetometer and Side Scan Sonar 
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Side ecan is often used to locate and examine shipwrecks. Thie 
Klein 500 kHz record shows the Vineyard Sound Lightship, sunk in 
1944 in 25 meters of water off the coast of Massachusetts. 





Klein 100 kite record of echooner Hamilton, sunk in Lake Erie 
during War of 1612. 








et. ire el » 4 
geass. « “ Be. PS 4 
Side ecan sonar is often weed to locate the sites of airplanes 


thet heave crashed in the water. Thies record shows « Klein 100 
kHz record of « Wellington bomber in Loch Ness 
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